
 

 

 

 

 

 

 

Editor: 

 Lukasz Jadachowski 

11th Vienna 
International 
Conference on 
Mathematical Modelling 
(MATHMOD 2025) 

IFAC PapersOnline Volume 59, Issue 1 

Vienna, Austria 
19-21 February 2025

ISBN: 979-8-3313-1626-6 



Printed from e-media with permission by: 

Curran Associates, Inc. 

57 Morehouse Lane 

Red Hook, NY  12571 

Some format issues inherent in the e-media version may also appear in this print version. 

To the extent permissible under applicable laws, no responsibility is assumed by the Owner, the Publisher 

or the Licensee for any injury and/or damage to persons or property as a result of any actual or alleged 

libelous statements, infringement of intellectual property or privacy rights, or products liability, whether 

resulting from negligence or otherwise, or from any use or operation of any ideas, instructions, procedures, 

products or methods contained in the material therein. 

The publication of an advertisement in the POD Edition does not constitute on the part of the Owner, the 

Publisher or the Licensee a guarantee or endorsement of the quality or value of the advertised products or 

services described therein or of any of the representations or the claims made by the advertisers with 

respect to such products or services. 

Copyright© (2025) by the authors 

Open access publication under the CC-BY-NC-ND License 

https://creativecommons.org/licenses/by-nc-nd/4.0/ 

All rights reserved. 

Printed with permission by Curran Associates, Inc. (2025) 

For permission requests, please contact the publisher, Elsevier Limited 

at the address below. 

Elsevier Limited 

The Boulevard, Langford Lane 

Kidlington 

Oxford  OX5 1GB  UK  

Additional copies of this publication are available from: 

Curran Associates, Inc. 

57 Morehouse Lane 

Red Hook, NY 12571 USA 

Phone:  845-758-0400 

Fax:      845-758-2633 

Email:   curran@proceedings.com 

Web:     www.proceedings.com 



TABLE OF CONTENTS 

 

Dynamic Modeling and Numerical Calculation of a Hydraulic Actuated Flexible Knuckle Boom 

Crane .................................................................................................................................................................... 1 

Zhiwei Wang, Lingchong Gao, Ziyun Kan, Michael Kleeberger, Johannes Fottner 

Real-Time Capable Transient H2 Partial Pressure Model for Proton Exchange Membrane Fuel Cell 

Systems ................................................................................................................................................................. 7 

Martin Osterhammer, Fengmin Du, Volker Formanski, Marcelo Lobo Heldwein 

Control-Oriented Gray-Box Modeling for Thermoset Injection Molding .......................................................... 13 

Jens Ahlers, Christopher Schulte, Moritz Mascher, Christoph Zimmermann, Sebastian 

Stemmler 

Empirical Modeling of Unsteady Bulging in Continuous Slab Casters .............................................................. 19 

Julian Landauer, Luca Gasparini, Andreas Kugi, Andreas Steinboeck 

Computationally Efficient Optimal Control Problem Formulation Illustrated by Automotive 

Applications........................................................................................................................................................ 25 

F. Wegscheider, A. Galkina, J. Maier, K. Schlacher, M. Reichhartinger 

Modelling of an Underground Electric Vehicle Cycle for Battery Sizing Analysis Using Modelica ................. 31 

Juan J. Pérez-Sánchez, Alfonso Urquía 

Towards Model Discovery Using Domain Decomposition and PINNs.............................................................. 37 

Tirtho S. Saha, Alexander Heinlein, Cordula Reisch 

Physics-Informed Sparse Gaussian Processes for Model Predictive Control in Building Energy 

Systems ............................................................................................................................................................... 43 

Thore Wietzke, Knut Graichen 

Application of Recurrent Neural Networks for Predictive Modeling of Electrical Submersible 

Pumps in Oil Extraction ..................................................................................................................................... 49 

Carine Menezes Rebello, Erbet Almeida Costa, Odilon Santana Luiz De Abreu, Galdir Reges, 

Idelfonso B. R. Nogueira 

Digital Twin for Autonomous Decision-Making in Gas Lift Operations: Improving Reliability and 

Adaptability ........................................................................................................................................................ 55 

Carine Menezes Rebello, Johannes Jäschke, Idelfonso B. R. Nogueira 

Classification Tasks with Local and Global Resource Allocation Constraints ................................................... 61 

Danit Abukasis Shifman, Itay Margolin, Chen Halfi, Gonen Singer 

A Transferable PINN-Based Method for Quantum Graphs with Unseen Structure ........................................... 67 

Csongor L. Laczkó, Mihály A. Vághy, Mihály Kovács 

Approximation of a Compound-Exchanging Cell by a Dirac Point ................................................................... 73 

Xiao Yang, Qiyao Peng, Sander C. Hille 

The Oven Temperature Profile for Phase-Matching in Second-Harmonic Generation: A Theoretical 

Approach ............................................................................................................................................................ 79 

Stephanie Mrzyglod, Christian Schmittner, Marwan Abdou Ahmed, Thomas Graf, Oliver 

Sawodny 



Numerical Diffusion and Its Impact on System-Identification for an Industrial Heating Process ...................... 85 

Ruven Weiss, Moritz Diehl, Johannes Reuter 

Nonlinear Coupled PDE-ODE Model of a Distributed Ćuk Converter .............................................................. 91 

Klaus Röbenack, Daniel Gerbet 

A New Numerical Approach to Transfer Functions of LTI-PDEs ...................................................................... 97 

Jan M. Schaßberger, Veit Hagenmeyer, Lutz Gröll 

Impact of Topography and Combustion Functions on Fire Front Propagation in an Advection-

Diffusion-reaction Model for Wildfires ............................................................................................................ 103 

Luca Nieding, Cordula Reisch, Dirk Langemann, Adrián Navas-Montilla 

State-Space Modelling Approach for Control and Observer Design in Property-controlled Reverse 

Flow Forming ................................................................................................................................................... 109 

Lukas Kersting, Bahman Arian, Julian Rozo Vasquez, Ansgar Trächtler, Frank Walther 

Data-Driven Modelling and Predictive Control for the Geometry and Mechanical Properties of 

Freeform Bending Processes ............................................................................................................................. 115 

Ahmed Ismail, Viktor Böhm, Sophie Stebner, Linghao Kong, Boris Lohmann 

Robust Real-Time Model Parameter Extraction in Inductive Spectroscopy Based on Artificial 

Neural Networks ............................................................................................................................................... 121 

Frank Wendler, Ahmed Yahia Kallel, Jeannette Boll, Birgit Awiszus, Olfa Kanoun 

Soft Sensor-Based Inline Geometry Control of Hole-rolled Polygon Hubs ..................................................... 127 

Viktor Arne, Daniel Spies, Peter Groche 

2D Sheet Temperature Estimation for Multi-Stage Press Hardening in a Progressive Die .............................. 133 

Henry Baumann, Jakob Nazarenus, Juri Martschin, Erman Tekkaya, Thomas Meurer 

Towards Automated Model Order Reduction and Feedback Control for Nonlinear Finite Element 

Models .............................................................................................................................................................. 139 

Arwed Schütz, Michael Olbrich, Aliakbar Taghdiri, Christoph Ament, Tamara Bechtold 

Reduced Order Modeling of Spray Drying ...................................................................................................... 145 

A. Lepsien, A. Schaum 

A Benchmark Model for Model Order Reduction: Large-Scale Wind Farms .................................................. 151 

Hanqing Zhang, Zilong Gong, Adrià Junyent-Ferré, Giordano Scarciotti 

Model Order Reduction of an Ion Exchange Process for Ammonium Removal in Groundwater .................... 157 

Luis Santamaria-Padilla, Roberto G. Ramírez-Chavarría 

Effective Single-Mode Model of Laser Cavity Dynamics................................................................................ 163 

Lukas Tarra, Andreas Deutschmann-Olek, Andreas Kugi 

Surrogate Modeling for Control of Microbial Biopolymer Production Process ............................................... 169 

Robert Dürr, Eric Otto, Rudolph L. Kok, Stefanie Duvigneau, Andreas Bück 

Dynamic Modeling and Estimation of Uncharacterized Reactions in H. Pluvialis Production Scale 

Cultivation ........................................................................................................................................................ 175 

Marta Mandis, Pascal Jerono, Thomas Meurer 

Online Model-Adaptation for an Uncertain Liquid-Liquid Mixer System ....................................................... 181 

Daniel Topalovic, Chrysoula Bliatsiou, Jörn Villwock, Matthias Kraume, Steffi Knorn 



On Identifiability and Model Validation of a Population Balance Model for Liquid-Liquid-Mixing .............. 187 

Terrance Wilms, Daniel Topalovic, Chrysoula Bliatsiou, Jörn Villwock, Steffi Knorn 

Enhanced Utilization of Structural Damping of Beam-Like Structures by Using State-dependent 

Impulsive Moments .......................................................................................................................................... 193 

T. Pumhössel, P. Shamiyeh 

Kinematic and Dynamic Modeling of a Generalized Tractor-Trailer System with Steering Actuation ............ 199 

Marcel Moll, Timo Oksanen 

Bicycle Pedal Angle Measurements Using Model with Wireless Motion Sensors ........................................... 205 

Masahiro Fukuda, Tomoki Kitawaki 

Application of a Dynamic Tip-Over Stability Margin to a Turntable Ladder Model ........................................ 211 

Bernd Müller, Tim Friedrich, Oliver Sawodny 

Exploiting Asymmetries in Diffusively Coupled Oscillators to Enable Frequency Tunability in 

Neuromorphic Devices ..................................................................................................................................... 217 

Hermann Folke Johann Rolf, Thomas Meurer 

Validator’s Opinion Dynamic in a Practical Byzantine Fault Tolerant Network .............................................. 223 

Rachid Guedjali, Jean-Philippe Georges, Sylvain Kubler 

Synchronization of Kuramoto Oscillators Via HEOL, and a Discussion on AI ............................................... 229 

Emmanuel Delaleau, Cédric Join, Michel Fliess 

Modeling and Predictive Control for the Treatment of Hyperthyroidism ........................................................ 235 

Tobias M. Wolff, Maylin Menzel, Johannes W. Dietrich, Matthias A. Müller 

Mathematical Model Analysis of the Hypothalamus-Pituitary-Thyroid Axis .................................................. 241 

Clara Horvath, Marie-Sophie Kohlmayer, Andreas Körner 

Limit Cycle Analysis of Guideline-Based Treated Graves’ Disease Patients ................................................... 247 

Thomas Benninger, Martin Horn, Markus Reichhartinger 

Sensitivity Analysis of a Mathematical Model Representing the Female Endocrine Cycle ............................. 253 

Clara Horvath, Marie-Sophie Kohlmayer, Andreas Körner 

A Four-Bodies Motorcycle Dynamic Model for Observer Design ................................................................... 259 

Tychique K. Nzalalemba, Ziad Alkhoury, Jawwad Ahmed, Mihaly Petreczky, Lotfi Belkoura 

Dynamic and Nonlinear Programming for Trajectory Planning in Moving Environments .............................. 265 

Rebecca Richter 

Model-Based Fault Simulation and Detection for Gauge-sensorized Strain Wave Gears ................................ 271 

Julian Kißkalt, Andreas Michalka, Christoph Strohmeyer, Maik Horn, Knut Graichen 

Identification of Vibration Superimposed Motion of a System with Distributed Parameters ........................... 277 

A. Heining, O. Sawodny 

Koopman-Based Control for Stochastic Systems: Application to Enhanced Sampling ................................... 283 

Lei Guo, Jan Heiland, Feliks Nüske 

Using Benford’s Law for Analysis of the Electroencephalogram ..................................................................... 289 

Sandra Widmann, Aditi Prasad, Gerhard Schneider, Matthias Kreuzer 



Using the Envelope of the Electroencephalogram as a Model for Gaussianity During Sleep and 

Anesthesia ........................................................................................................................................................ 295 

Julian Ostertag, Tobias Kraft-Blank, Gerhard Schneider, Matthias Kreuzer, Juliana 

Zimmermann 

Identifying EEG-Based Functional Networks for Whole-Brain Models .......................................................... 301 

Alexander Edthofer, Andreas Korner 

Occipital Versus Frontal Electrophysiological Signal and Macroscopic Cerebrospinal Fluid Flow in 

Early Sleep ....................................................................................................................................................... 307 

Paula Heinrich, Leander Müller, Rachel Nuttall, Benedikt Zott, Juliana Zimmermann 

Analyzing Errors and Uncertainties in Measurement Problems ....................................................................... 313 

K. Tüting, D. Langemann 

Modelling View on Numerical Uncertainty Quantification for Dynamical Systems ....................................... 319 

Dirk Langemann, Katja Tüting 

Comparing Beta Regression and Quantile Regression Forests for Probabilistic Photovoltaic Energy 

Forecasting ....................................................................................................................................................... 325 

Marco Capelletti, Valentina Fogli, Edoardo Santilli, Matteo Gardini, Giuseppe De Nicolao 

Online Adaptive Surrogates for the Value Function of High-Dimensional Nonlinear Optimal 

Control Problems .............................................................................................................................................. 331 

Tobias Ehring, Bernard Haasdonk 

Multi-Fidelity Surrogate Model for Representing Hierarchical and Conflicting Databases to 

Approximate Human-Seat Interaction .............................................................................................................. 337 

Gia Huy Mike Huynh, Niklas Fahse, Jonas Kneifl, Joachim Linn, Jörg Fehr 

Towards Time Adaptive Observations for Model Order Reduction in Data Assimilation ................................ 343 

C. Gräßle, J. Marquardt 

A Metapopulation SIHURD Model .................................................................................................................. 349 

Ion Bica, Zhichun Zhai, Rui Hu, Wanhua Su 

Macroscopic Modeling and Simulation-Based Investigation of Epidemics Transport Dynamics in 

the Presence of Ventilation ............................................................................................................................... 355 

Anargiros I. Delis, Nikolaos Bekiaris-Liberis 

Fiber Activation in Bipolar Deep Brain Stimulation: A Patient Case Study ..................................................... 361 

Anna F. Frigge, Elena Jiltsova, Fredrik Olsson, Dag Nyholm, Alexander Medvedev 

Closed-Loop Control of Anesthesia Using Two-degrees-of-freedom Control with a Target-

controlled Infusion Algorithm .......................................................................................................................... 367 

Aleksander Vegelj, Igor Škrjanc, Gorazd Karer 

An Error Estimator and Stopping Criterion for Krylov-Based Model Order Reduction in Acoustics .............. 373 

Siyang Hu, Nick Wulbusch, Alexey Chernov, Tamara Bechtold 

Two-Step Model Order Reduction for a Thermal Finite Element Model of a Power Electronics 

Module ............................................................................................................................................................. 379 

P. Hickisch, J. Saak, D. Hohlfeld, T. Bechtold 

Interpolatory Model Reduction of Dynamical Systems with Root Mean Squared Error ................................. 385 

Sean Reiter, Steffen W. R. Werner 



Digital Twin Development of Yeast Fed-Batch Cultures for Vaccine Production ............................................ 391 

Micaela Benavides, Pascal Gerkens, Gaël De Lannoy, Laurent Dewasme, Alain Vande 

Wouwer 

Mathematical Modeling of Photosynthetic Eukaryotic Microorganisms Using Metabolic Networks ............. 397 

M. Maton, A. Vande Wouwer 

Model-Based Optimization for Laboratory-Scale Upstream Processing in Monoclonal Antibody 

Production ........................................................................................................................................................ 403 

Guilherme A. Pimentel, Camilo Garcia-Tenorio, Radhouane Fekih-Salem, Cédric Toussaint, 

Laurent Dewasme 

A Mathematical Model for the Intracellular Accumulation of Two Energy Reserve Carbohydrates in 

S. Cerevisiae Cultures ...................................................................................................................................... 409 

Antoine Huet, Mihaela Sbarciog, Philippe Bogaerts 

Performance Space-Based ADC Development................................................................................................. 415 

Benedikt Ohse, Jürgen Kampe, Christopher Schneider 

Exploration of High-Dimensional Performance Spaces Via Clustering ........................................................... 421 

Benedikt Ohse, Christopher Schneider 

System Identification with SINDy Neural Networks for Transistor Modeling ................................................ 427 

Martin Steiger, Hans-Georg Brachtendorf 

Truck Bond Graph Model for Sizing the Power Steering System .................................................................... 433 

Amine Laaribi, Damien Ébérard, Wilfrid Marquis-Favre, Jean-Marc Blond, Jérôme Chaudet 

Disaggregating Train Delays into Primary and Secondary Components Using Gated Graph 

Convolutional Networks ................................................................................................................................... 439 

Maximilian Viehauser, Martin Bicher, Matthias Rößler, Niki Popper 

Challenges and the Need to Integrate Rolling Stock and Crew Scheduling for Efficient Railway 

Operations ........................................................................................................................................................ 445 

Paul Päprer, Janis S. Neufeld, Udo Buscher, Martin Scheffler, Niki Popper 

Insight-Driven Optimization to Improve Dynamic Scheduling for Flexible Job-shops ................................... 451 

Andreas Körner, Daniel Pasterk, Florian Stadler, Christine Zeh 

Model Reduction of Complex Dynamical Systems: A Sensitivity Based Approach. ....................................... 457 

J. D. (Hans) Stigter, L. G. (Gerard) Van Willigenburg 

Output Controllability of Large-Scale Nonlinear Dynamical Systems: Analysis, Computation and 

Examples .......................................................................................................................................................... 463 

L. G. Van Willigenburg, J. D. Stigter 

Author Index 

 




